A computer code is described that traces charged particles through a system of electrostatic and magnetic solenoid lenses. This code requires symmetry about the beam axis, but it incorporates a useful approximation for handling beam emittance and variable space-charge neutralization. It features a friendly and versatile user interface and runs efficiently on an Apple II microcomputer.
A computer code is described that traces charged particles through a system of electrostatic and magnetic solenoid lenses. This code requires symmetry about the beam axis, but it incorporates a useful approximation for handling beam emittance and variable space-charge neutralization. It features a friendly and versatile user interface and runs efficiently on an Apple II microcomputer.
There are a number of both ray-tracing and matrix beam-transport codes available for simulating particle-beam focusing and transport systems. The popular, linear code TRACE, for example, is a versatile simulation code that can trace outer beam profiles through a variety of both accelerating and transport structures. TRACE provides a first-order approximation for external fields, space charge, and beam emittance. Because the code is so common and runs relatively quickly, it is a valuable tool for checking performance of various designs.
However (1) indicates that to provide electrostatic focusing, accelerating electric fields must increase in magnitude as z increases; whereas, decelerating fields must decrease with z.
If all terms except the first and third are set to zero, the familiar, linear, Pierce potential profile is generated. The Pierce geometry forces the accelerating field to increase at a rate that exactly compensates for the internal space-charge forces. The spherically convergent (or divergent) Pierce extractor geometry can be generated by zeroing all but the first three terms and applying some restrictions. Appropriate rearrangement of the first three terms will give 1/2I
Equation (2) To facilitate calculations utilizing varying beam neutralization, arbitrary electric potential, and arbitrary solenoidal fields, the program input consists of a number of points along the beam axis. Input can be from the keyboard or from a disk file. Electric potential, axial magnetic field, and effective current may be specified at any axial position. This small number of input data pairs are then fit with a cubic spline routine that weaves a smooth line through each of the input data points. A simple routine allows the determination of the function value, plus first and second derivatives at any longitudinal position. A standard integration routine can then be used to trace the beam profile through the transport system.
An approximately analytic form can be specified for the axis potential for many standard electrostatic lenses. Arbitrary expansions from this on-axis potential can give a useful approximation to higher order terms. Either measured or accurately calculated fields can be used also. For the latter application, a bicubic spline-fitting routine is often most useful. Many of the commonly available field-calculating routines (such as POISSON) assume circular symmetry as well.
One distinct advantage of this method over the use of pseudoanalytic formulae is that the ray-tracing routine allows us to see the details of beam trajectories through real elements. This feature is most significant for comparing "hard" and "soft" edge fields and for studying the effects of overlapping fields. For convenience, particle trajectories are plotted rather than tabulated. Other routines allow plotting of the electric potential, magnetic field, or space charge versus longitudinal position. This feature is essential for verifying that input data represent a realistic situation.
Sample Optimizer
Let us consider one manner in which this code can be used to design an array of electrostatic lenses. Assume that we start with a desired trajectory for an ion beam and that we specify beam energy at the beginning and end of the section to be designed. The problem then becomes simply determining the axial potential needed to support those particle trajectories.
We will make the restriction that the beam profile must remain circularly symmetric. We can allow the use of magnetic solenoid lenses and variable space charge, but we must specify their values as a function of position along the beamline. The optimization procedure can then be reduced to a few simple steps. 
4 2 4 r * Input the desired beam profile as a succession of r,z data pairs * Do a cubic-spline fit to these data to determine r' and r" at all z-locations * Select initial values for * and *' * Integrate Eq. (6) through the system to determine [+(z)] * Expand the axial electric potential in r to the desired order to determine approximate electrode values and locations. * Iterate as necessary until a practical solution is found.
Conclusions
A description is given of many of the important features of a user-friendly computer code based on the paraxial-ray equation. Although this code may be adequate for final design of low-perveance lenses, its primary utility is that of quickly investigating potential lens configurations before use of a more exact model.
The code described here performs several functions. First it allows one to quickly determine the general profile of a circularly symmetric beam through an arbitrary pattern of electrostatic and magnetic solenoid lenses. It can also predict major effects of chromatic aberrations and, with inclusion of higher order terms, can allow estimation of spherical aberration effects. Expansion of the on-axis potential profile will determine the approximate placement of electrostatic electrodes. Finally, it is possible to determine the potential profile needed to support a desired transverse beam profile. Accelerating columns can be modeled easily, if care is taken to avoid high perveance or extremely high field gradients.
